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The purpose of the present study was to determine whether task
predictability, defined altemati\fely in terms of second-order probabilities
among target events, would affect tracking performances in a similar
way. In addition, we proposed to investigate the response strategies which
subjects developed to cope with varying degrees of uncertainty in a sequen-
tial tracking task. With repetitions of the same choice situations and with
unequal probabilities of alternative target events, it was possible to com-
pare owr results with studies in which subjects make discrete tesponses
in predicting stimulus events, In such studiss response patterns are
usually described as "matching”, when the sutject's response choices
are proportional to the signal probabiutieg_, or as "maximizing" when the
response corresponding to the most probable signal is always chosen.
However, when responses are not restricted to discrete categorigs, but
are free to vary along a continuum, other strategies are possible,

One class of altermative strategies may e labeled "compromising”,
or “minimizing; maximum error per targst avent", The simplest of these
would be "splitting the differance”, that is, raking an anticipatory response
to a position midway betwsen the two alternative iarget positions, A some-
what more sophisticated compremise would be to mave to a position pro-
portionately nearer the more probadie event,

Finally, in the trackiry situation, the gabjact might fail to antici-

pate, lagging behind the carget until the uncarteirty was reduced to zero by




the occurrence of the event; Of course, this "strategy" has_r. devastating
results on integrated error scores in tracking a step-function input. In
this study, such a strategy was discouraged by instructions to anticipate
and through the feedback of error scores.

Our subjects were 80 male University students_ who were paid for
their services. They were randomly assigned to six experimental condi-
tions, as shown in Table 1 of your handout,

The tracking apparatus consists of a 5" CRT display, a control chair
with a lateral arm coatrol, pivoted at the elbow, and programming and
scoring subsystems, For this study, both target and cursor were 1/2 inch
vertical hairlines, cvarlapping by 1/8 inch at the X-axis of the CRT.
Targets appeared at six positions §/10 of an inch apart along the X-axis.,
A control movement of 11° arc resulted fn a 1 ‘nch displacement of the
cursor,

The principle performance measure was integrated absolute erTet
It was obtaine.d electreaicaily ty integrating the voltage differential between
target and cursor inputg.

All subjects recelved irreyular step-function inputs at one target
per second. Trials were 48 geccrds long, separated by 15-second rest
intervals., |

The six task ccndit‘ors are summagized in your Yable 1. The
Predictable task consisted cf 3 random order of the six target positions,

repeated withoiut pauses eoight times per trials The Random



task consisted of a random sequence of the six target positions,

480 targets, or 10 trials, long. For each of the four intermediate tasks,
the high probability targets were the same as the fixed targets of the pre-
dictable sequence, and the low probability altemati\{es were at the same
locations ;or all groups. For greater generality of results, two sequences,
A and B, were developed. Sequence A is shown in Figure 1 on your hand-
out.

Subjects were assigned, 16 each, to the Predictable, ,90-,10,
«50-,50, and Random conditions, and 8 each to t!;xe «80-.20 and .70-30
conditions. One-half of tha subjects in the formar groups received a
secondary task at the retertion session, which reed not concern us here.

Instructions included an emphasis on ranid movement and anticipa~
tory responding as effective strategies for minimizing amror. Subjects were
not told} specifically which task they would receive, Error scores were
integrated over 48 s=cond trials arnd fed back curirg the rest intervals.

All subjects were ¢iven 20 ttials daily fcr 4 days, then returned
for 20 trials a‘fter an §~-day retsnticn interval,

Now, for the resultz, Figuare 2 on youdr randout presents the inte-
grated error data for acquisit’on &nd retention. Theae data indicate that
the predictable task resvited {1 the greatest reduction in error, followed, in
order, by the probability and random tasks. However, there appears to be
no dlfference between tle Rc..d‘om, 05C~.57, axd ,70-.30 tasks. Meanwhﬂe,
the .20-,190 and .8(~-,23 coniltions resulted in some improvement, through

relatively little as compared with predictable tasks A 1 by € analysis of



variance for the last block of &aininq trials yielded a highly significant F
and a Duncan's Test indicated that the Predictable task differed froxﬁ all
others and that the ,90-,10 and ,80-.20 tasks differed from all except
the ,70-.30 condition.

No significant error gains occurred as a result of the 8=~day reten-
tion interval, except under the added secondary task condmon;

Our analysis of response strategies began with an evaluation of
lead-lag scores for selected trials, Three subjects with median error
scores at the end of training were selected from each group. Their oscil-
lographic records for acquisition Trials 1, 20, and 80 and Retention Trials
1 and 20 were hand-scored for leads and lags, defined as the discre-
pancy in time between target displacement and iritiation of the primary
movement, |

The results are shown in Figure 3 of your handout. These data indi-
cate that subjects in all conditions were lagging, on the average, by
100-200 milliseconds on Trial 1. By Trial 20 the subjects with the three
most predictable inputs were leading, By Tr1.a1 80 leads averaged from
75 to 175 milliseconds, Meaxwhile, under the three least predictable
conditions, subjects continued to lag, but by far 1sss than reaction
time values by the end of training.

At retention, there were consistent reversions toward lagging, but

recovery to terminal training lsvels was essentially complete by Trial 20,



Thus, while the integrated error data failed to indicate any losses
over the retention interval, lead-lag scores indicated some changes in
timing. In fact, lead-lag data on the recall trial appear. very similar
to that for Trial 20 of acquisition. Furthermore, it is evident that subjects
in all groups were anticipating at least some proportion of the time by
the end of training.

These data would seem to rule out*lagging" , at least as a consis~
tent strategy for coping with input uncertainties.

If you look again at Figure 1, you will see that our sequence "A"
contained two types of choice situations. Notice that in going from target
positions 1, 2, and 6, the high and low probability targets were in the
same direction, while in going from positions 3, 4, and 5, the alternatives
were in opposite directions, Thus, in the first instances subjects were
faced with a choice between responses of different amplitudes, but the |
latter instances required a choice of direction, as well as of amplitude.
Conceivably, then, timing in the two types of cl_'xoice situations might be
different, since a preparatory set as to direction of response is possible
in one, but not in the other, |

A comparison of the freguency of leads for the various choice situa-
tions provided suppo:t far this contention. The data for all subjects with
the "A" sequence are shown in Figure 4, These data are for Trials 40 and

80 and are combined over £is four probability tasks. Notice that the



proportions of leads are higher in qomg from target posmone 1 2, and
6,~-~-that is, when the choice was one of amplitude only.

Our final analysis was '_designed to provide evtdpnee Mthzreeeeot
to metching, lmaxilmizinq, or compromismg strategies, Again, tal;i;x.g only
those instances when the subjects made anticipatary teaponsee, we examined
t.he response distributions for the four probebmty tasks, with the Predic-  "
table task serving as a control. For the directional chdice eituauons, this
analysis involved simply determining the proportions of responses ini~
. tiated in the direction of each of the two alternatives. The reaults are

summarized in Plgure 5 fcc treining trials 40 and 80. They 1nd1cate rather
'cleerly thet the subjeote were metch.lnq the probabilities of the eltema- .
uve tarqet evente when they mede predicuve responees. Por exemple.
subjects in. the .90-.10 condition were anucipaunq the mch probebmty :
target 89 .8% of the time by Trial 80. .

With alternatives in the same direction, the identification of

.i'esponse _strategiee 1_3 som_ewhat more complicated because it mvolvea
a compari_son of response amp'litudes. ﬁeverﬂwless, it was essux'ned';.‘_f".
that mmzmg would result in a distribution of- response arouno the “ o
high probability target like that for the‘Predictable ;aek, while metchtnc; :
should result in a bimodal ;liei:ibutlon, with a proportionately sr_nel_ler :
mode at the low‘ probebuity targe£ position. Similarly, compromuh'mq, as
we conceived of it, should yield a unimodal distribution, centered some '

place between the two altemative positions. -



The last figure on your handout shows distributions of responses

for each task, combined for the three amplitude~chaice situations in

sequence "A", These data are plotted as deviations from the high prebability

target, with low probability targets to the right at 14 millimeter intervals,

These data indicate, first of all, a flattening of the response-~
generalization gradients and, secondly, a shift in the central tendency
toward the low probability alternatives, with increases in evént uncer-
tainty. This shift in the distribution suggests that subjects were compro-~
mising, particularly in the absence of any clear evidence of bimodality -
In fact, the median shifts for the ,90-.10, ,80~,20, and ,70-,30 tasks
are reasonably close tc what would be predicted {f the strategy was a
“proportional, or matching, compromise”. |

To summarize briefly, then sequential prepeoilities appear to
degrade overall tracking perfocmance disporportiorately to the amount
of uncertainty they introducs, but it appears that subjects learn to cope
with the uncertainties ir. & csharant, if aot an optimal, manner, The
strategy which subjects Cevvelop seems rather complex, including

differential decision timez >>asistent with tth.e amdant of uncertainty

compromise-matching when t1e chicice is continuous,
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